The attenuation of very high energy γ-rays by pair production on the Galactic interstellar radiation field has long been thought of as negligible. However, a new calculation of the interstellar radiation field consistent with multi-wavelength observations by DIRBE and FIRAS indicates that the Galactic interstellar radiation field is intense. We have made a calculation of the attenuation of very high energy γ-rays in the Galaxy using this new interstellar radiation field which takes into account its nonuniform spatial and angular distributions. We find that the maximum attenuation occurs around 100 TeV at the level of about 25% for sources located at the Galactic center, within the energy range of the HESS instrument, and is important for both Galactic and extragalactic sources.
INTRODUCTION
The attenuation of very high energy (VHE) γ-rays by pair production on the Galactic interstellar radiation field (ISRF) has long been thought as negligible. The main contribution is thought to come from pair production on the cosmic microwave background (CMB) where the effective threshold for attenuation is ∼100 TeV and a maximum is reached at about 2000 TeV, accessible only indirectly via air-shower experiments. The Galactic ISRF photons are more energetic so that the effective threshold is lower (∼100 GeV) and the maximum attenuation is at around 100 TeV. This is within the energy range of the HESS Cherenkov array. A rough estimate of attenuation of VHE γ-rays coming from the Galactic center, which uses a new ISRF (Porter & Strong 2005) , but assumes an isotropic angular distribution for the ISRF, shows that the effect is observable (Zhang et al. 2005) . Given the essential anisotropy of the Galactic ISRF with most of the photons going outwards from the inner Galaxy, the effect depends on the position of the source of VHE photons and its orientation relative to the observer in the Galactic plane. We calculate the attenuation of VHE γ-rays due to the pair production with the Galactic photon field using the total ISRF over the entire Galaxy on a fine spatial grid which takes into account the nonuniform spatial and anisotropic 1 angular distribution of background photons.
INTERSTELLAR RADIATION FIELD
The essential ingredients to calculate the Galactic ISRF are a model for the distribution of stars in the Galaxy, a model for the dust distribution and proper-1 The effect of anisotropy of the Galactic ISRF has been proven to be essential in the process of inverse Compton scattering of high energy electrons in the Galactic halo .
ties, and a treatment of scattering, absorption, and subsequent re-emission of the stellar light by the dust. We briefly describe our ISRF calculation, which is a further development of the model described by Porter & Strong (2005) ; full details will be given in a forthcoming paper (Porter & Strong, in preparation) .
Our stellar model assumes a type classification based on that used in the SKY model of Wainscoat et al. (1992) . It includes 87 stellar classes encompassing main sequence stars, AGB stars and exotics. For each stellar type there is a local star number density, scale height above the plane, fraction of local number density in each of several discrete spatial components, and spectrum in the Johnson-Cousins photometric system plus filters at 12 µm and 25 µm. The stars are distributed in seven geometrical components: thin and thick disc, halo, bulge, bar, ring, and spiral arms. Spectra for normal stars are taken from the synthetic spectral library of Girardi et al. (2002) . Spectra for AGB stars and exotics are as given in the SKY model.
We assume a dust model including graphite, polycyclic aromatic hydrocarbons (PAHs), and silicate. Dust grains in the model are spherical and the absorption and scattering efficiencies for graphite, PAHs, and silicate grains are taken from Li & Draine (2001) . The grain model abundance and size distribution are taken from Weingartner & Draine (2001) (their best fit Milky Way model). Coherent scattering is assumed, and a Henyey-Greenstein angular distribution function (Henyey & Greenstein 1941 ) is used in the scattering calculation. The stochastic heating process of grains smaller than ∼0.1 µm is treated using the "thermal continuous" approach of Draine & Li (2001) ; equilibrium heating for larger dust grains is treated by balancing absorption with re-emission as described by Li & Draine (2001) . -Interstellar radiation field energy density. Local interstellar radiation field (upper): solid line, total radiation field including CMB; dashed line, contribution by stars; dotted line, scattered light; dot-dashed line, infra-red. Data: triangles, DIRBE (Arendt, et al. 1998) ; circles, FIRAS (Finkbeiner, Davis & Schlegel 1999) . Interstellar total radiation field radial variation (lower): solid line, (r, z) = (0 kpc, 0 kpc); dashed line, (r, z) = (4 kpc, 0 kpc); dotted line, (r, z) = (8 kpc, 0 kpc) -local spectrum; dash-dotted line, (r, z) = (16 kpc, 0 kpc).
Dust is assumed to follow the Galactic gas distribution. We use the gas model for neutral and molecular hydrogen given by Strong, Moskalenko & Reimer (2000) and Moskalenko et al. (2002) . The radial variation in the Galactic metallicity gradient is taken to be 0.07 dex/kpc (Strong et al. 2004) .
A cylindrical geometry is adopted for the radiation field calculation. Our calculations are simplified by assuming symmetry in azimuth and about the Galactic plane. The maximum radial extent is taken to be r max = 30 kpc. The maximum height above the Galactic plane is taken to be z max = 5 kpc. The Sun is located at R S = 8.5 kpc from the Galactic center. The total Galactic volume is divided into elements of equal size and the total radiation field is calculated for each.
The radiation field from stellar and scattered light is obtained using a modified form of the so-called partial intensity method (Baes & Dejonghe 2001) . The infra-red radiation field is obtained by using the total stellar and scattered light radiation field to calculate the dust emissivity for transient and equilibrium heating. The dust emission is integrated over the entire Galaxy to obtain the infra-red radiation field throughout the Galaxy. Fig. 1a shows our calculated local ISRF including the CMB; observations are from DIRBE (Arendt, et al. 1998 ) and FIRAS (Finkbeiner, Davis & Schlegel 1999) ; Fig. 1b shows the radial variation in the Galactic plane of the total ISRF. The agreement of our computed ISRF with the data is generally good, except around 20 µm where it is about a factor of two lower than the DIRBE data. Details, including this discrepancy will be discussed in a future paper (Porter & Strong, in preparation) . Note that this does not affect our optical depth calculation, since the majority of the attenuation is on the more numerous less-energetic photons of the ISRF where our calculations fit the data well.
CALCULATIONS
The optical depth for VHE γ-rays is given by the general formula:
where dN (ε, Ω 1 , x)/dεdΩ 1 is the differential number density of background photons at the point x, ε is the background photon energy, dΩ 1 = d cos θ 1 dφ 1 is a solid angle, σ γγ is the total cross section for the pair production process γγ → e + e − (Jauch & Rohrlich 1980) ,
1/2 is the center-of-momentum system energy of a photon, and θ is the angle between the momenta of the two photons in the observer's frame. The integral over x should be taken along the path of the γ-rays from the source to the observer.
The ISRF is cylindrically symmetric so that the photon angular distribution depends on r and z only. In Fig. 2 we introduce the Galactic coordinate system (r, z, α). To calculate cos θ, the polar and azimuthal angles of the VHE photon, θ 2 and φ 2 , are derived:
cos θ = cos θ 1 cos θ 2 + sin θ 1 sin θ 2 cos(φ 1 − φ 2 ), where R s is the Galactocentric radius of the Sun. The integration of eq. (1) is done numerically.
For the calculation of the optical depth in the CMB field we use the formula:
where kT is the CMB temperature, and m e c 2 is the electron rest mass. Fig. 3 shows the attenuation for selected positions (r, z, α) as a function of incident γ-ray energy. For sources located at the Galactic center the attenuation is ∼12% at 30 TeV and ∼25% at 100 TeV. In Table 1 we give our results for the optical depth for selected values of r and z for α = 0
RESULTS
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• at 30 and 100 TeV without contribution by the CMB. The attenuation is strongest for VHE γ-ray sources located toward the inner Galaxy and on its farside. A more detailed calculation will be presented in a future paper (Porter, Moskalenko & Strong, in preparation) .
The presented results show that the attenuation of VHE γ-rays by the Galactic radiation field is observable by the HESS instrument, which has a nominal sensitivity up to ∼200 TeV and effective sensitivity up to several tens of TeV (Aharonian et al. 2005) . Observations of VHE γ-rays sources on the Galaxy's farside are essentially limited to energies below ∼10 TeV. On the other hand, observations of the steepening of the spectra of extragalactic sources through, and Galactic sources in, the Galactic center region may serve as a probe of the Galactic ISRF. Finally, we would like to note that the attenuation of VHE γ-rays will lead to an electromagnetic cascade on the Galactic ISRF. This might be observable as an effective "break" in the spectra of VHE sources at energies around ∼1 TeV. I. V. M. acknowledges partial support from NASA Astronomy and Physics Research and Analysis Program (APRA) grant. T. A. P. acknowledges partial support from the US Department of Energy.
